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Abstract

Background—Interstitial lung abnormality (ILA) is found in 5–10% of the general population 

and is associated with increased mortality risk. Risk factors for ILA, including advanced age and 

smoking history also increase the risk for aortic stenosis (AS). Transcatheter aortic valve 

replacement (TAVR) has become an increasingly utilized intervention for patients with severe AS, 

and requires a high-resolution computed tomography (HRCT) of the chest to assess aortic valve 

dimensions.

Objectives—To determine the prevalence and clinical significance of ILA on HRCT performed 

in patients referred for TAVR.

Methods—Consecutive pre-TAVR HRCTs performed over a 5-year period were reviewed. ILA 

was defined as bilateral, nondependent reticular opacities. All-cause mortality among TAVR 
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recipients was then compared between ILA cases and non-ILA controls matched 2:1 by age and 

gender using Cox proportional hazards regression and the Kaplan Meier estimator.

Results—Of 623 HRCTs screened, ILA was detected in 92 (14.7%), including 62 patients that 

underwent TAVR. Among ILA cases, 17 (27.4%) had a typical or probable usual interstitial 

pneumonia pattern, suggesting a diagnosis of idiopathic pulmonary fibrosis. Survival was worse in 

ILA cases compared to non-ILA controls (p=0.008) and ILA was an independent predictor of 

mortality after multivariable adjustment (HR 3.29, 95% CI 1.34–8.08; p=0.009).

Conclusions—ILA is a common finding among patients with severe AS and is associated with 

increased mortality in those undergoing TAVR. Further research is needed to elucidate the biology 

underpinning this observation and determine whether ILA evaluation and risk stratification 

modulates this mortality risk.
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Interstitial lung disease; aortic stenosis; idiopathic interstitial pneumonia; transcatheter aortic valve 
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Introduction

Interstitial lung abnormality (ILA), defined as subclinical interstitial densities on computed 

tomography (CT) of the chest, may represent early interstitial lung disease (ILD) and has 

recently gained recognition as a clinically significant finding. ILA has been associated with 

decrements in pulmonary function, a high rate of progression and increased all-cause 

mortality.(1–4) Affecting 6–7% of the general population,(2, 4) ILA occurs more commonly 

with increasing age and in those with a smoking history. These risk factors also increase the 

likelihood of developing cardiovascular disease, including aortic stenosis.(5, 6)

Aortic stenosis (AS) affects 12% of the elderly population and severe disease results in high 

morbidity and mortality.(7–9) The treatment of severe AS includes medical therapy and 

surgical replacement of the aortic valve. Transcatheter aortic valve replacement (TAVR) has 

become an increasingly utilized alternative to surgical valve replacement, especially among 

those deemed to have high surgical risk.(10–12) Pre-TAVR high-resolution computed 

tomography (HRCT) of the chest is routinely performed to assess aortic root dimensions and 

valve size. Because such imaging includes contiguous lung views, incidental parenchymal 

findings such as nodules and emphysema are commonly reported.(13) These findings have 

been associated with a longer time to the TAVR procedure, a lower likelihood of undergoing 

TAVR, and worse overall outcome.(14)

In this investigation, we aimed to determine the prevalence and clinical significance of ILA 

among TAVR recipients. We hypothesized that co-morbid ILA would be associated with 

worse outcome in this patient population.

Methods

This retrospective cohort study was conducted at the University of California at Davis and 

was approved by our Institutional Review Board (protocol #928979), which provided a 
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waiver of consent. A radiology database housing all CTs performed at UC-Davis was used 

to identify consecutive patients undergoing chest CT for pre-TAVR planning from January 1, 

2012 to December 31, 2016. A junior radiologist (AK) screened all chest CTs performed 

during this period to identify ILA cases, defined as the presence of bilateral, nondependent 

reticular opacities. All positive studies, along with a random sample of negative studies 

(n=50), were reviewed by a thoracic radiologist (MK) with 7 years experience and blinded to 

clinical data to determine final ILA status and assess individual ILA features.

All CTs reviewed included complete lung series with contiguous 1mm cuts in the inspiratory 

supine position. Chest CTs were scored for usual interstitial pneumonia (UIP) subtype 

(typical UIP, probable UIP, indeterminate for UIP or inconsistent with UIP),(15) ILA 

features (reticulation, honeycombing, traction bronchiectasis/bronchiolectasis and ground-

glass opacity), and predominant distribution of ILA in the zonal (upper, mid-lung, lower or 

diffuse) and transverse planes (peripheral, bronchovascular or diffuse). Concurrent 

emphysema, pleural effusion and pulmonary edema were also assessed. A patient was 

considered to have pulmonary fibrosis when traction bronchiectasis/bronchiolectasis or 

honeycombing was present.

The electronic medical record was retrospectively reviewed to extract pertinent clinical data, 

including past medical history (ILD, chronic obstructive pulmonary disease (COPD), 

demographics (age, gender, race), smoking history, spirometry (forced expiratory volume in 

1 second (FEV1), forced vital capacity (FVC), and FEV1/FVC ratio), whether TAVR was 

performed and what type of anesthesia was employed. Vital status was determined by review 

of medical records and the social security death index. A control cohort was assembled 

using a random number generator to randomly select TAVR recipients without ILA and 

match them 2:1 to ILA cases by age and gender.

Statistical Analysis

Continuous variables are reported as means with standard deviation (SD) or medians with 

interquartile range depending on variable distribution and are compared using a two-tailed 

student’s t-test or rank sum test, as appropriate. Categorical variables are reported as counts 

and percentages and compared using the Chi-square test or Fisher’s exact test, as 

appropriate. ILA risk factors were assessed using univariable and multivariable conditional 

logistic regression. Survival analysis was performed using univariate and multivariable Cox 

regression along with an unadjusted log rank test and plotted using the Kaplan-Meier 

survival estimator. Multivariable Cox models were adjusted for age, gender, race and 

smoking history. Two multivariable models were chosen, one with and one without 

spirometry data, which was not performed in a large minority of patients. Two-year survival 

was assessed with survival time defined as time from TAVR to death, loss-to-follow-up or 

end of study period (Jan 31, 2017). Patients lost to follow-up were censored at the time of 

last contact. Statistical significance was defined as p<0.05. All statistical analyses were 

performed using Stata (StataCorp. 2013. Release 13. College Station, TX).
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Results

Of 623 chest CTs screened, 92 (14.7%) had features of ILA. Of the 92 patients with ILA, 62 

underwent TAVR and were included in the final analysis (Figure 1). Groups were similar 

with regard to age, gender and race, but ILA cases had significantly more individuals with a 

smoking history (69.4% vs. 50.8%; p=0.02) and supplemental oxygen use (24.2% vs. 

12.1%; p=0.03) compared to non-ILA controls (Table 1). Only 15 (24.2%) ILA cases had a 

documented history of ILD and there was significantly more emphysema on HRCT among 

ILA cases compared to non-ILA controls (45.2% vs 13.7%, p<0.001) despite a similar 

number of patients with documented COPD between groups. Groups were similar with 

regard FVC (% predicted) and FEV1 (% predicted). ILA cases had a higher mean 

FEV1/FVC ratio compared to non-ILA controls (0.71 vs. 0.66; p=0.02), but a large minority 

of patients did not undergo spirometry in each group. The median time from HRCT to TAVR 

was similar between groups, as was the percent of patients undergoing general anesthesia.

Unadjusted ILA risk factors among TAVR recipients (Table 2) included smoking history 

(OR 2.64, 95% CI 1.25–5.62; p=0.01), supplemental oxygen use (OR 2.43, 95%CI 1.06–

5.55; p=0.04), emphysema on HRCT (OR 6.77, 95% CI 2.75–16.64; p<0.001) and 

FEV1/FVC ratio >0.7 (OR 2.45, 95% CI 1.08–5.54; p=0.03). Race and other spirometry 

variables were not associated with differential ILA risk. After multi-variable adjustment, 

emphysema and FEV1/FVC ratio >0.7 remained independent predictors of ILA, but 

smoking history and supplemental oxygen use did not.

When assessing ILA features on chest CT (Table 3), 13 patients (21.0%) had definite UIP, 4 

(6.4%) had probable UIP, 36 (58.1%) had features indeterminate for UIP and 9 (14.5%) had 

features inconsistent with UIP. Features of pulmonary fibrosis were observed in 27 (43.5%) 

patients. All patients had reticulation, 18 (29%) had honeycombing, 15 (24.2%) had traction 

bronchiectasis/bronchiolectasis, 17 (27.4%) had ground glass opacity and 28 (45.2%) had 

concurrent emphysema. Most patients had either lower lung zone predominant (46.8%) or 

diffuse involvement (50%) in the zonal plane, and peripheral involvement (93.6%) in the 

transverse plane. Pleural effusion was observed in 14 (22.6%) patients and pulmonary 

edema in 8 (12.9%) patients.

ILA cases displayed significantly worse survival than matched controls (p<0.001)(Figure 2). 

In unadjusted Cox regression analysis (Table 4), predictors of mortality included the 

presence of ILA on HRCT (HR 3.49; 95% CI 1.60–7.63; p=0.002), emphysema on HRCT 

(HR 2.63, 95% CI 1.23–5.61; p=0.01) and supplemental oxygen use (HR 2.27, 95% CI 

1.02–5.06; p=0.049). ILA and emphysema on HRCT remained independent predictors of 

mortality after multivariable adjustment that did not include spirometry data, while only ILA 

(HR 3.29, 95% CI 1.34–8.08; p=0.009) remained an independent predictor of mortality after 

multivariable adjustment that included spirometry data. Among ILA cases, survival did not 

differ between UIP subtypes (p=0.11) or when stratifying by the presence of pulmonary 

fibrosis (p=0.58) (Figure 3).
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Discussion

In this investigation, we showed that 15% of patients with severe AS referred for TAVR had 

features of ILA on HRCT. Additionally, we showed that among TAVR recipients, ILA was 

an independent predictor of mortality. To our knowledge, this study is among the first to 

specifically assess ILA epidemiology and clinical significance in patients with AS. Our 

findings suggest that ILA is common among those with AS and that this high-risk 

population may benefit from additional pulmonary evaluation prior to TAVR intervention. 

Our findings are also consistent with other studies demonstrating increased mortality risk 

among individuals with ILA.(2, 4)

The prevalence of ILA among TAVR referrals was higher than that reported in the general 

population, which is estimated at 6–7%.(2, 4) It was also higher than that observed in COPD 

(2, 3) and lung cancer-screening cohorts,(16–18) all of which reported a prevalence of 

<10%. The advanced age of those referred for TAVR likely explains a portion of these 

findings, given the anticipated morphologic changes in the aging lung on CT,(19) and the 

age-related increased prevalence of common ILDs such as idiopathic pulmonary fibrosis and 

unclassifiable idiopathic interstitial pneumonia.(20, 21) This effect may also be compounded 

by the high percentage of smokers in our cohort, which has also been shown to increase the 

risk of ILA and is a well-established risk factor for IPF.(1, 3, 16, 22) Interestingly, despite 

>50% of patients endorsing a smoking history in this study, emphysema was only observed 

in 13.7% of control subjects compared to 45.2% of ILA cases, suggesting that many ILA 

cases had combined pulmonary fibrosis and emphysema (CPFE). The opposing forces of 

emphysema-mediated obstruction and ILD-mediated restriction that occurs in CPFE may 

explain why mean spirometry measures were normal in both groups.(23–25) Full PFTs, 

including body plethysmography and diffusion capacity testing, may better identify those 

with CPFE, as a disproportionate reduction in diffusion capacity often results.(23–25)

Though ILA may represent early ILD, a specific ILD etiology could not be ascertained for 

most patients given the retrospective nature of this investigation. The UIP subtypes observed 

on HRCT suggest that at least 1 in 4 patients with ILA may have had IPF, as UIP and 

probable UIP on high-resolution CT are strongly predictive of IPF in patients without an 

alternate ILD etiology.(26–29) No patients in our cohort reported the use of IPF therapy at 

the time of TAVR, which have been shown to reduce IPF progression(30, 31) and possibly 

prevent acute exacerbations.(32, 33) This raises the question of whether the use of anti-

fibrotic therapy in those meeting consensus criteria for IPF(27) could modulate the increased 

mortality risk we observed. We also observed similar survival patterns amongst ILA cases 

irrespective of whether pulmonary fibrosis was present on HRCT, suggesting that pulmonary 

fibrosis alone could not be used to sufficiently risk stratify these patients.

The biology underpinning worse outcomes among TAVR recipients with ILA remains 

unclear, but like other centers,(34) the majority of patients in our cohort underwent TAVR 

with general anesthesia. Previous studies have shown that ventilation strategy may influence 

outcomes in patients with ILD,(35, 36) so it is possible that intraoperative hyperoxia or 

ventilation-induced lung injury may have played a role. The use of general anesthesia was 

not associated with differential mortality risk; however there were relatively few patients 
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undergoing conscious sedation with whom to compare outcomes. Additionally, most TAVRs 

performed under conscious sedation in our study occurred after 2015, leaving less follow-up 

time for outcomes modeling.

Our study has several limitations. First, this was a single center study, which may limit 

generalizability. Next was the retrospective nature of the investigation, which detects only 

association, and not causation. Another limitation was the large minority of patients with 

missing spirometry data, which limited our ability to conduct multivariable adjusted 

modeling that included these variables. We addressed this by presenting two final 

multivariable adjusted models. A final limitation was the inability to determine ILD etiology 

in those with ILA. This stemmed from the nature of the patients referrals in our study, which 

were overwhelmingly from outside institutions. However, even among those with 

documented ILD, it is recognized that diagnostic agreement for ILD etiology between 

community physicians and academic pulmonologists with ILD expertise is poor.(37) 

Additionally, our findings suggested that ILD etiology may be less important than the 

general presence of ILA in these patients.

Conclusion

ILA is a commonly encountered HRCT finding in patients referred for TAVR and is 

associated with an increased risk of mortality in patients undergoing TAVR. While the 

precise etiology of individual ILAs remains unclear, the CT patterns observed suggest a high 

percentage of patients with undiagnosed IPF and other forms of pulmonary fibrosis. Given 

the poor outcomes associated with delayed ILD center referral,(35) along with recent 

advances in IPF therapeutics,(36–39) cardiologists should consider a referral to an ILD 

center for those patients with ILA prior to TAVR intervention, as this has the potential to 

modulate outcomes in this patient population.
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Highlights

• Interstitial lung abnormalities are commonly observed in patients undergoing 

TAVR and are more common in this patient population than the general 

population

• The presence of interstitial lung abnormalities are associated with worse 

outcome in those undergoing TAVR

• Pulmonology evaluation should be considered for patients referred for TAVR 

who are found to have interstitial lung abnormalities, as pulmonary risk 

stratification and may help improve outcomes
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Figure 1. 
Consort diagram
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Figure 2. 
Two-year survival among ILA cases and non-ILA control subjects undergoing TAVR. ILA 

cases display significantly worse survival than matched non-ILA controls (p<0.001).
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Figure 3. 
Two-year survival among ILA cases stratified by the presence of pulmonary fibrosis. ILA 

cases with and without features of pulmonary fibrosis on high-resolution computed 

tomography display similar survival patterns (p=0.58), but significantly worse survival than 

non-ILA control subjects (p=0.003).
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Table 1

Clinical Characteristic Between ILA cases and controls

Variable ILA Cases
(n=62)*

Controls
(n=124)**

p-value

Age in years, mean ±SD 83.3 (6.7) 82.7 (6.2) 0.56

Male, n (%) 38 (61.3) 76 (61.3) 1

White race, n (%) 50 (80.7) 108 (87.1) 0.25

Ever Smoker, n (%) 43 (69.4) 63 (50.8) 0.02

  Pack-years, median [IQR] 21 (13–40) 20 (4–40) 0.18

Supplemental oxygen use 15 (24.2) 15 (12.1) 0.03

Documented ILD 14 (22.6) 0 (0) <0.001

Emphysema on HRCT 28 (45.2) 17 (13.7) <0.001

  Documented COPD 32 (51.6) 64 (59.8) 0.3

Spirometry

  FEV1 (% predicted), mean ±SD 88.7 (28.3) 81.5 (26.3) 0.14

  FVC (% predicted), mean ±SD 89 (23.5) 88.2 (23.4) 0.85

  FEV1/FVC ratio, mean ±SD 0.71 (0.12) 0.66 (0.12) 0.02

Days to TAVR, median [IQR] 34 (13–56) 34 (19–82) 0.88

Received general anesthesia, n (%) 50 (80.7) 98 (79) 0.79

*
Exception for n: spirometry (n=44)

**
Exception for n: spirometry (n=107)
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Table 3

HRCT ILA Characteristics

Variable TAVR ILA Cohort (n=62)

Pattern, n (%)

  Typical UIP 13 (21.0)

  Probable UIP 4 (6.4)

  Indeterminate for UIP 36 (58.1)

  Inconsistent with UIP 9 (14.5)

Pulmonary Fibrosis, n (%) 27 (43.5)

Reticulation, n (%) 62 (100)

Honeycombing, n (%) 18 (29)

Traction bronchiectasis, n (%) 15 (24.2)

Ground glass opacity, n (%) 17 (27.4)

Emphysema, n (%) 28 (45.2)

Zonal Distribution, n (%)

  Upper/mid lung zone 2 (3.2)

  Lower lung zone 29 (46.8)

  Diffuse 31 (50)

Transverse Distribution, n (%)

  Peripheral 58 (93.6)

  Bronchovascular 3 (4.8)

  Diffuse 1 (1.6)

Pleural effusion, n (%) 14 (22.6)

Pulmonary edema, n (%) 8 (12.9)
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